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PROCESS AND INTEGRATION SCHEME 
FOR FABRICATING CONDUCTIVE 

COMPONENTS, THROUGH-VIAS AND 
SEMICONDUCTOR COMPONENTS 

INCLUDING CONDUCTIVE 
THROUGH-WAFER VIAS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to semiconductor 

fabrication. More particularly, the present invention relates 
to methods for making electrical interconnects from one 
surface of a substrate of a semiconductor component to the 
opposite surface of the substrate of the semiconductor 
component and, more particularly, to methods for fabricat 
ing a through-via in a Wafer, interposer, or other substrate. 

2. State of the Art 
Semiconductor chips may be produced With integrated 

circuits on both sides of the chip or may be designed to 
connect to or interact With other electronic components or 
other semiconductor chips. Interposers may be utiliZed for 
interfacing tWo electrical components, such as a semicon 
ductor device and a printed circuit board, and contactor 
boards may be used to interface a semiconductor Wafer and 
a probe card for testing the dice on the semiconductor Wafer. 
Semiconductor chips may be formed of semiconductor 
Wafer or other bulk substrate material, While interposers and 
contactor boards may be formed of silicon, ceramic or 
polymeric substrates. 

Conductively lined or ?lled holes (hereinafter “vias”) are 
used for connecting an integrated circuit on one side of a 
chip to: an integrated circuit on the other side of the chip, a 
ground or other bias voltage, another electronic component 
or an integrated circuit on another chip. V1as are also used 
for providing electrical communication betWeen structures 
disposed on opposing sides of an interposer or contactor 
board, Wherein the structures may align With contact pads or 
other structures of electrical components and establish elec 
trical connection betWeen the various components. 

The continued miniaturization of integrated circuits 
results in vias having increasingly higher aspect ratios, 
Which term refers to the ratio of height or length to Width or 
diameter of the via. One factor contributing to the increas 
ingly higher aspect ratios is that the Width of vias is 
continually getting smaller. Known processes used for ?lling 
the high-aspect-ratio vias in stacked chips, interposers and 
contactor boards, Which are typically about ?fty microns 
Wide, have dif?culty ?lling these vias Without forming voids 
or keyholes in the via. Conventionally, the vias may be lined 
With a seed layer of a metal, such as copper, using chemical 
vapor deposition (CVD) or physical vapor deposition 
(PVD), Whereafter the seed layer is coated by electroplating. 
As the aspect ratios of the vias get higher, it becomes more 
dif?cult to cause the plating material to line or ?ll the vias 
Without vugs voids, or keyholes therein Which adversely 
affect the conductivity of the via. 

Referring to FIG. 1, there is shoWn a cross-section of a 
substrate generally at 10. The substrate includes a via 12 that 
is ?lled using an electroplating process knoWn in the art. The 
interior of the via 12 is coated With a metal layer 14 Which 
has been deposited using the electroplating process. Elec 
troplating is an electrochemical process by Which metal, in 
ionic form in solution, is deposited on a substrate immersed 
in a bath containing the ionic form of the metal. A current is 
passed from an anode through the electroplating solution 
such that the metal ions are deposited on the cathode 
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2 
provided by a seed layer of metal of the substrate. As 
illustrated, a surface of the metal layer 14 is uneven and 
When the via 12 is ?lled to completion, the uneven surface 
may result in the formation of one or more voids in the 
contact mass ?lling the via. In other knoWn processes, the 
via may be ?lled by an electroless plating process. In 
electroless plating, a seed layer may be formed by, for 
example, using plasma enhanced chemical vapor deposition 
(PECVD). The seed layer is coated by a metal layer by 
placing the substrate in a bath that contains metal ions in 
aqueous solution and a chemical reducing agent such that 
the metal ions are deposited on the seed layer by a chemical 
reduction process. 

FIG. 2 illustrates a cross-section of another substrate 
generally at 20. The substrate 20 includes a via 22 ?lled With 
a metal layer 24 using electroplating as knoWn in the art. The 
metal layer 24 Was deposited more ef?ciently near the upper 
and loWer surfaces of the substrate 20 and resulted in the via 
22 being substantially closed near the upper and loWer 
surfaces of the substrate While a middle portion of the via 22 
Was left un?lled. The un?lled portion 26 of the via 22 is 
referred to as a keyhole and the presence of the keyhole 
detracts from the electrical conductivity of the via 22. 

In an attempt to avoid the formation of voids and keyholes 
in the via, other methods have been developed to ?ll the vias. 
FIG. 3 is a cross-section of a substrate generally at 30. The 
substrate 30 includes a via 32, being ?lled using electroless 
plating as knoWn in the art. The substrate 30 is placed in a 
bath for an electroless plating process, also referred to as 
immersion plating. As illustrated, a metal layer 34 is formed 
over a seed layer (not shoWn) on the sideWall of the via 32 
by the continuous deposition of metal until the via 32 is 
substantially ?lled With the metal. HoWever, the electroless 
deposition process of FIG. 3 may result in voids or depres 
sions being present in the via 32. Further, since electroless 
plating is relatively sloW, i.e., the metal, such as nickel, is 
deposited at a maximum rate of approximately 20 microns 
per hour, the extended time to complete the deposition 
process may be undesirable. For instance, if the via is 70 um 
Wide, the deposition process Would take about one and 
three-quarter hours to deposit about 35 pm of metal on the 
interior of the via 32 (70 uni/2) as the metal layer 34 groWs 
inWardly toWard the center of the via to completely ?ll the 
via 32. 

In another attempt to avoid the formation of voids and 
keyholes in a via, an electroless bottom ?ll process as knoWn 
in the art may be used. FIG. 4 illustrates a cross-section of 
a substrate generally at 40. The substrate 40 includes a via 
42 and a layer of a metal 44 deposited on a bottom 46 of the 
via 42 and groWing toWards a top 48 of the via 42. The 
bottom 46 of the via 42 may comprise a suitable metal such 
as copper (Cu), nickel (Ni) or tungsten (W). The approach 
of the bottom ?ll process is that by depositing the layer of 
metal 44 in one direction, upWard, and not from the sides of 
the via 42 (as shoWn in FIG. 3), voids and keyholes are not 
formed betWeen layers of metal groWing toWards each other. 
The bottom ?ll process may be performed With copper in an 
attempt to avoid keyhole formation in the via due to migra 
tion of the copper. HoWever, since the vias may be as deep 
as, e.g., 700 microns, and electroless plating deposits metal 
at the aforementioned relatively sloW rate, the process to 
completely ?ll the via is unacceptably time consuming. 
Electroplating from the bottom of a via is also knoWn, 
Wherein a conductor serving as a cathode is placed over the 
bottom of a substrate, covering the bottoms of the vias. 
HoWever, such an approach severely limits the stage of 
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Wafer processing at Which the via may be ?lled and may 
impose design limitations on other structures formed or to be 
formed on the substrate. 

Accordingly, a need exists for an improved method for 
?lling vias that is faster than knoWn processes, does not 
leave voids, depressions, or keyholes in the ?lled via and is 
cost effective to manufacture. 

BRIEF SUMMARY OF THE INVENTION 

The present invention, in a number of embodiments, 
overcomes the above di?iculties by providing a method for 
forming a conductive via in a semiconductor component and 
semiconductor components resulting therefrom. The meth 
ods of forming conductive vias of the present invention are 
faster than knoWn processes since the conductive via is not 
completely ?lled With an electroplated or electroless plated 
metal. Further, the conductive vias of the present invention 
include an annular layer of conductive material that is 
substantially free of vugs, voids , and key holes such that the 
conductivity of the via is not compromised. 
One exemplary embodiment of a method for forming a 

conductive via in a semiconductor component includes 
providing a substrate having a ?rst surface and an opposing 
second surface. At least one hole extending from the ?rst 
surface to the second surface of the substrate is formed 
through the substrate. A seed layer is applied to the ?rst 
surface, the second surface and a sideWall de?ning the at 
least one hole formed in the substrate. The seed layer 
overlying the ?rst surface and the opposing second surface 
of the substrate is removed, leaving the seed layer on the 
sideWall of the at least one hole. The seed layer on the 
sideWall is coated With a conductive layer and a conductive 
or nonconductive ?ller material is introduced into a remain 
ing space in the at least one hole. 

In another exemplary embodiment, a second method for 
fabricating a conductive via through a substrate is also 
disclosed. The method comprises providing a substrate 
having a ?rst surface and an opposing second surface. At 
least one cavity is formed in the ?rst surface of the substrate. 
A conductive layer is applied over the ?rst surface of the 
substrate and an exposed area of the substrate that de?nes 
the at least one cavity. A ?ller material is introduced into a 
remaining space of the at least one cavity. The conductive 
layer and the ?ller material introduced into the at least one 
cavity are exposed on the opposing second surface of the 
substrate. 

Yet another exemplary embodiment comprises an inter 
mediate semiconductor component including at least one 
conductive via precursor structure. The intermediate semi 
conductor component includes a substrate having a ?rst 
surface and an opposing second surface. The at least one 
conductive via precursor structure extends into the ?rst 
surface of the substrate and terminates in the substrate 
before reaching the opposing second surface. The at least 
one via precursor structure includes an annular conductive 
layer that extends from the ?rst surface and circumscribes a 
conductive or nonconductive ?ller material. 

A further exemplary embodiment of the present invention 
comprises a semiconductor component including a substrate 
having a ?rst surface and an opposing second surface and at 
least one conductive via extending therebetWeen. The at 
least one conductive via includes an annular conductive 
layer that extends from the ?rst surface of the substrate to the 
second surface of the substrate. A conductive or noncon 
ductive ?ller material is circumscribed by the annular con 

20 

25 

30 

35 

40 

45 

50 

55 

65 

4 
ductive layer and extends from the ?rst surface of the 
substrate to the opposing, second surface of the substrate. 
The present invention also encompasses, in yet another 

embodiment, a system including a microprocessor and at 
least one memory device in communication With the micro 
processor. The at least one memory device comprises a 
substrate having a ?rst surface and an opposing, second 
surface and at least one conductive via extending therebe 
tWeen. The at least one conductive via includes an annular 
layer of conductive material extending from the ?rst surface 
of the substrate to the opposing, second surface of the 
substrate. A conductive or nonconductive ?ller material is 
circumscribed by the annular layer of the conductive mate 
rial and extends from the ?rst surface of the substrate to the 
opposing, second surface of the substrate. The memory 
device also includes at least one bond pad overlying the at 
least one conductive via. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

In the draWings, Which illustrate What is currently con 
sidered to be the best mode for carrying out the invention: 

FIG. 1 is a cross-section of a via in a substrate ?lled using 
an electroplating process as knoWn in the art; 

FIG. 2 illustrates a cross-section of a substrate having a 
via substantially ?lled using an electroplating process as 
knoWn in the art; 

FIG. 3 depicts a cross-section of a substrate having a via 
?lled using an electroless plating process as knoWn in the 
art; 

FIG. 4 is a cross-section of a substrate having a via ?lled 
using a bottom ?ll process as knoWn in the art; 

FIGS. 5A through 5G illustrate acts of an exemplary 
embodiment of a method for ?lling vias of the present 
invention; 

FIGS. 6A through 6H illustrate acts of another exemplary 
embodiment of a method for ?lling vias of the present 
invention; 

FIGS. 7A through 7B depict acts of another embodiment 
of a method for forming vias of the present invention; 

FIG. 8 depicts a semiconductor component having elec 
trical interconnects formed using the present invention; and 

FIG. 9 is a schematic diagram of an electronic system 
incorporating the electrical interconnects fabricated using 
the methods of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Generally, the present invention includes methods for 
manufacturing electrical interconnects, i.e., vias, from one 
surface of a substrate to the opposite surface of the substrate 
of a semiconductor component. The vias may electrically 
connect various electrical structures of the semiconductor 
component or may be used to electrically connect With other 
components. It Will be apparent to those of ordinary skill in 
the art that the methods for fabricating vias of the present 
invention Will also be useful in manufacturing interposers 
and other substrates such as contactor boards Where electri 
cal interconnects are desired. As used herein, the term 
“semiconductor component” means and includes electronic 
components fabricated from semiconductor Wafers, other 
bulk semiconductor substrates, and other substrate materials 
susceptible to the formation of vias therethrough in accor 
dance With the present invention. 
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Referring to the accompanying drawings, Wherein similar 
features and elements are identi?ed by the same or similar 
reference numerals, various embodiments of methods for 
fabricating vias formed through the thickness of a Wafer or 
other substrate are illustrated. It Will be apparent to those of 
ordinary skill in the art that While the processes described 
herein illustrate methods for fabricating vias, the acts 
described herein comprise a portion of the entire fabrication 
process of a semiconductor component and may be com 
bined With other fabrication processes. As used herein, the 
term “substrate” Will refer to any supporting structure in 
Which vias may be formed including, but not limited to, 
semiconductor Wafers, interposer substrates, contactor 
boards or other substrate-based structures. 

The invention includes methods for fabricating a via 
through the thickness of a Wafer or other substrate, Wherein 
the via includes a conductive liner material and a ?ller 
material. The ?ller material may be a conductive or non 
conductive material. Referring noW to draWing FIG. 5A, 
there is shoWn a cross-section of a semiconductor compo 
nent generally at 100. The semiconductor component 100 
includes a substrate 112 having a ?rst surface 114 and an 
opposing, second surface 116. The substrate 112 may com 
prise an unprocessed semiconductor Wafer or other sub 
strate, Wherein the substrate may have various process layers 
formed thereon including one on more semiconductor layers 
or other structures. The substrate 112 may further include 
active portions or other operable portions located thereon 
fabricated by etching, deposition or other knoWn techniques. 
The substrate 112 may further comprise an interposer sub 
strate for use betWeen a test device and a semiconductor 

device to be tested (contactor board) or betWeen a memory 
device and system in a package to provide routing among 
other substrates. In the exemplary embodiment, the substrate 
112 comprises a semiconductor material, such as monoc 
rystalline silicon. In other embodiments, the substrate 112 
may comprise polycrystalline silicon, germanium, silicon 
on-glass, silicon-on-sapphire, a ceramic, a polymer or a 
glass-?lled, epoxy resin material. The substrate 112 may 
also comprise any other knoWn substrate material. 

The semiconductor component 100 has a via 118 extend 
ing from the ?rst surface 114 of the substrate 112 to the 
second surface 116. In the exemplary embodiment, the via 
118 has a substantially cylindrical shape and is de?ned by an 
inner surface or sideWall 120. In other embodiments, the via 
118 may have other shapes, such as an hour glass shape or 
any other knoWn shape for the formation of vias. The 
portions of the substrate 112 that circumscribe an uppermost 
edge 122 and a loWermost edge 124 of the via 118 are 
illustrated in broken lines. For ease of illustration, the 
uppermost edge 122 and the loWermost edge 124 of the via 
118 Will be omitted from subsequent draWings. 

In the illustrated embodiment, the via 118 is formed in the 
substrate 112 by laser ablation and may have a representa 
tive diameter of from about 10 pm to 2 mils or greater. 
Typically, the via 118 Will have a diameter of about 50 pm 
When the semiconductor component 100 is used for stacked 
chips, interposers, contactor boards or other knoWn elec 
tronic components. Since the ratio of the height to Width of 
vias is continually decreasing With the continued miniatur 
iZation of integrated circuits, it is contemplated that the via 
118 may be formed to have a diameter of about 30 pm. It Will 
be apparent to those of ordinary skill in the art that any 
knoWn method of forming vias that is appropriate for the 
type of substrate 112 used to form the semiconductor 
component 100 may be used to form the via 118 including, 
Without limitation, a dry etch such as a reactive ion etch 
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6 
(RIE) Which can remove up to 5 pm of substrate per minute 
depending on the type of substrate, photochemical etching, 
or any other knoWn via formation process. It Will be further 
apparent to those of ordinary skill in the art that the diameter 
of the via 118 and the thickness of the substrate 112 may be 
any desired dimension depending on the desired use of the 
semiconductor component 100. 

Once the via 118 has been formed in the substrate 112, the 
inner surface 120 may be cleaned to remove any substrate 
material affected by the heat produced by the laser ablation 
process. If desired, a TMAH (tetramethyl ammonium 
hydroxide) solution may be used to clean the via 118 after 
formation, Which can result in a squared cross-section for the 
v1a. 

The cleaned inner surface 120 may be passivated by 
coating the inner surface 120 of the substrate 112 With an 
insulative layer 126 of dielectric or insulative material 
appropriate for the type of material of the substrate 112. The 
insulative layer 126 may comprise spin-on-glass, thermal 
oxide, ParyleneTM polymer, silicon dioxide, silicon nitride, 
silicon oxynitride, a glass, i.e., borophosphosilicate glass, 
phosphosilicate glass or borosilicate glass, or any dielectric 
having a loW dielectric constant knoWn in the art. To 
accomplish the passivation, the insulative layer 126 may be 
deposited to any desired thickness using any knoWn process 
including, Without limitation, physical vapor deposition 
(PVD), CVD, loW pressure chemical vapor deposition 
(LPCVD), rapid thermal nitridation (RTN), a spin-on-glass 
(SOG) process, How coating or any other knoWn process. In 
other embodiments, the insulative layer 126 may comprise 
an insulating polymer, such as BT resin, polyimide, benZo 
cyclobutene or polybenZoxaZole deposited using an injec 
tion or capillary process or a vacuum draW. The insulative 
layer 126 may be, for example, of about 1 to 5 um in 
thickness. If the substrate 112 comprises an electrically 
insulating material, such as ceramic, the insulative layer 126 
may be omitted. 

As shoWn in FIG. SE, a seed layer 128 of a conductive 
material is deposited over the ?rst surface 114 and second 
surface 116 of the substrate 112, and the inner surface 120 
of the via 118, Wherein the seed layer 128 coats the insula 
tive layer 126 (shoWn in FIG. 5A). For ease of illustration, 
the insulative layer 126 of draWing FIG. 5A is omitted from 
FIG. 5B and other subsequent draWings. In the illustrated 
embodiment, the seed layer 128 comprises titanium nitride 
(TiN) and is deposited by CVD. Other materials that may be 
used as the seed layer 128 include, Without limitation, 
titanium (Ti), silicon nitride (Si3N4), a polysilicon, tantalum 
nitride (TaN), and copper. Other deposition processes that 
may be used to deposit the seed layer 128 include PVD, 
atomic layer deposition (ALD), PECVD, vacuum evapora 
tion, and sputtering. It Will be apparent that the selection of 
the type of material and deposition process utiliZed to 
deposit the seed layer 128 Will vary depending on the type 
of material used to form the electrical interconnect through 
the via 118. 

A portion of the seed layer 128 covering the ?rst surface 
114 and second surface 116 of the substrate 112 is removed 
to expose the ?rst surface 114 and second surface 116 of the 
substrate 112 as illustrated in FIG. 5C. In the illustrated 
embodiment, the seed layer 128 is removed by an abrasive 
planariZation process such as chemical mechanical pla 
nariZation (CMP). HoWever, the selective removal of the 
seed layer 128 may be accomplished using any other knoWn 
process such as a Wet etch or a dry etch using an etchant 
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appropriate for the type of material making up the seed layer 
128 after masking the portion of seed layer 128 Within the 
via 118. 

The seed layer 128 may also be covered With a layer of 
resist 129. The resist 129 is applied to the seed layer 128 
before CMP such that the resist 129 prevents particles 
produced by the CMP process from being deposited in the 
via 118. Once the CMP process is ?nished, the resist 129 is 
removed using knoWn techniques and produces a pristine 
seed layer 128 surface for the selective deposition of con 
ductive material. 

In another exemplary embodiment, the ?rst surface 114 
and the second surface 116 of the substrate 112 may be 
coated With a nitride layer to prevent the seed layer 128 from 
being deposited on the ?rst surface 114 and the second 
surface 116 of the substrate 112 in order to prevent peeling 
Which may occur depending on the type of conductive 
material used to coat the surfaces of the substrate 112 and the 
type of substrate 112 used. The via 118 may be masked to 
prevent the nitride layer from being deposited in the via 118 
or the nitride layer may be applied on the ?rst surface 114 
and second surface 116 of the substrate 112 before the via 
118 is formed therein. In addition to using a nitride layer, it 
Will be apparent to those of ordinary skill in the art that any 
other material that prevents the seed layer 128 from being 
deposited on the ?rst surface 114 and the second surface 116 
of the substrate 112 may be used. 

The seed layer 128 is coated With a conductive layer 130 
of metal as illustrated in FIG. 5D using an electroless 
deposition process. The conductive layer 130 is deposited on 
the seed layer 128 and not on the exposed ?rst and second 
surfaces 114 and 116 of the substrate 112 since the seed layer 
128 Was removed from (or never present on) these surfaces 
and the electroless deposition process requires the seed layer 
128 for deposition of the conductive layer 130. The selective 
removal of the seed layer 128 from the ?rst surface 114 and 
the second surface 116 of the substrate 112 and leaving the 
seed layer 128 in the via 118 or selective deposition of the 
conductive layer 130 in the via obviates the need for a 
subsequent CMP step to remove excess material. The selec 
tive deposition of the conductive layer 130 reduces the 
amount of metal used as the conductive layer and, thus, 
decreases the cost of manufacturing. Further, the selective 
deposition of the conductive layer 130 in the via 118 helps 
prevent adhesion issues that may occur When plating a thick 
conductive layer 130. Stresses that cause peeling on the 
conductive layer 130 of the open ?rst surface 114 and the 
open second surface 116 of the substrate 112 are greater than 
the peeling stress inside the via 118. The conductive layer 
130 may comprise any type of metal including, but not 
limited to, nickel, cobalt, copper, silver, titanium, iridium, 
gold, tungsten, tantalum, molybdenum, platinum, palladium, 
nickel-phosphorus (NiP), palladium-phosphorus (PdiP), 
cobalt-phosphorus (CoiP), a CoiWiP alloy, other alloys 
of the foregoing metals and mixtures thereof. The type and 
thickness of the metal to be used in the conductive layer 130 
Will vary depending on the desired conductivity and use of 
the semiconductor component 100 Which may be deter 
mined, at least in part, by the resistance (R) of the metal or 
conductive layer expressed by the equation RIpL/A as 
knoWn in the art. 
By coating the seed layer 128 With the conductive layer 

130 of a suitable metal, an annular conductive path is created 
through the via 118. The electroless plating process forms a 
substantially conformal coating in the via 118 that is sub 
stantially free of any voids or keyholes. The conductive 
layer 130 formed from the electroless plating process Will 
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8 
typically have a uniform thickness and a loW porosity, Will 
provide corrosion protection and Will be relatively hard. The 
electroless plating process is accomplished by placing the 
substrate 112 into a bath containing an aqueous solution of 
the metal to be deposited in ionic form. The aqueous solution 
also includes a chemical reducing agent such that the metal 
may be deposited Without the use of electrical energy. The 
driving force for the reduction of the metal ions and subse 
quent deposition in the electroless plating process is driven 
by the chemical reducing agent. The reduction reaction is 
essentially constant at all points on the seed layer 128 so 
long as the aqueous solution is sufficiently agitated (for 
example, by ultrasound) to ensure that a uniform concen 
tration of metal ions and reducing agents are distributed in 
the aqueous solution. 

In a further exemplary embodiment, the conductive layer 
130 is lined With silver or gold using an immersion process, 
such as an immersion plating process. If the conductive layer 
130 includes nickel or cobalt, the silver or gold lining Will 
replace the nickel or cobalt since silver and gold are more 
noble than nickel and cobalt. The silver or gold lining Will 
increase conductivity and aid in Wetting the solder to help 
ensure a void-less ?ll of solder and continuous contact of 
solder With the sideWalls of the via 118. 

Since the seed layer 128 extends to a plane or level even 
With the ?rst surface 114 and the second surface 116 of the 
substrate 112, the deposition of the conductive layer 130 
may result in a small portion 132 of the conductive layer 130 
extending beyond the plane of the ?rst surface 114 or the 
second surface 116 of the substrate 112. The small portion 
132 may be removed, if desired, using CMP or other knoWn 
removal processes such that the conductive layer 130 is 
substantially even With the plane of the ?rst surface 114 and 
the second surface 116 of the substrate 112 as illustrated in 
draWing FIG. 5E. 
As illustrated in FIG. 5E, the via 118 has an opening 134 

extending from the ?rst surface 114 to the second surface 
116 Wherein the opening 134 is circumscribed by the con 
ductive layer 130. Although the electroless plating process 
used to form the conductive layer 130 may incidentally 
result in minor depressions or voids in the conductive layer 
130, the thickness of the conductive layer 130 required to 
accommodate the desired conductivity should be of a dimen 
sion such that any voids or depressions should not affect the 
conductivity. The opening 134 of the via 118 is ?lled With a 
?ller material 136 as illustrated in draWing FIG. 5F. By 
forming the conductive layer 130 to the desired thickness 
and ?lling the remaining opening 134 of the via 118 With the 
?ller material 136, physical support is provided Within the 
via for the substrate While the conductive path provided by 
conductive layer 130 is maintained. 
The ?ller material 136 may be a conductive or a noncon 

ductive material depending on the desired conductivity of 
the ?lled via 118 and intended use of the semiconductor 
component 100. For instance, since the conductivity of the 
?lled via 118 is at least minimally determined by the 
material and thickness of the conductive layer 130, a non 
conductive material may be used to ?ll the opening 134 of 
the via 118 if conductive layer 130 provides an adequate 
conductive path. Nonlimiting, representative examples of 
substances that may be used for the ?ller material 136 
include silicon-containing ?llers such as spin-on-glass 
(SOG) applied using a spin coat process for a nonconductive 
?ller material 136 or polysilicon applied using a diffusion 
process and doped for a conductive ?ller material 136. 
Solder paste applied With a squeegee and subsequently 
re?oWed may also be used as a conductive ?ller material 
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136. The solder paste may include eutectic solder, 
CuiSniAg, SniAg, other known solder materials, or 
combinations thereof. Other ?ller materials 136 that may be 
used include, Without limitation, a solder alloy screen 
printed in the opening 134, conductive and nonconductive 
polymers, metal-?lled silicon, carbon-?lled ink, isotropi 
cally or anisotropically conductive adhesives and conductor 
?lled epoxies, such as silver-?lled epoxy paste. 

If any of the ?ller material 136 extends beyond the plane 
of the ?rst surface 114 or the second surface 116 of the 
substrate 112 after the opening 134 of the via 118 is ?lled, 
any protruding ?ller material 136 may be removed using 
CMP or other knoWn smoothing process such that bond pads 
138 may be formed over one or both ends of the via 118 as 
knoWn in the art and shoWn in FIG. 5G. The ?ller material 
136 provides physical support to the bond pads 138 over 
lying the via 118. Although the semiconductor component 
100 in the exemplary embodiment is shoWn With one via 
118, it Will be apparent to those of ordinary skill in the art 
that any number of vias 118 may be simultaneously formed, 
lined and ?lled in the semiconductor component 100 using 
the disclosed process. 

In another exemplary embodiment, a blind via may be 
used to form the conductive via of the present invention. A 
cross-section of a semiconductor component is shoWn gen 
erally at 200 in FIG. 6A. The semiconductor component 200 
comprises a substrate 212 having a ?rst surface 214 and an 
opposing, second surface 216. The substrate 212 may com 
prise an unprocessed semiconductor Wafer or other substrate 
material used in fabrication processes as previously 
described herein With reference to the substrate 112 of FIG. 
5A. 

The semiconductor component 200 includes a blind via 
218 that partially penetrates the substrate 212 and substan 
tially extends through the substrate 212 from the ?rst surface 
214 and Wherein a bottom 213 of the blind via 218 termi 
nates short of the second surface 216 of the substrate 212. 
The blind via 218 may be formed in the substrate 212 using 
a laser ablation process or in any other manner as the via 118 
Was formed in the substrate 112 as described herein With 
reference to FIG. 5A. The blind via 218 is circumscribed by 
an inner surface or sideWall 220 of the substrate 212. The 
portion of the substrate 212 that circumscribes an uppermost 
edge 222 of the blind via 218 is illustrated in broken lines 
Which, for ease of illustration, is omitted from subsequent 
draWings. 

In the exemplary embodiment of FIG. 6A, the blind via 
218 may also comprise an opening in the substrate 212 that 
extends through the substrate 212 (substantially similar to 
the via 118 of FIG. 5A) that is sealably covered or capped 
With a cover layer 225 and illustrated With phantom lines 
224. The cover layer 225 substantially seals the blind via 218 
such that, in essence, the covered via is ?lled in substantially 
the same manner as the blind via 218. The seed layer may 
thus also be deposited on the cover layer 225 forming the 
bottom 213 of blind via 218. In another exemplary embodi 
ment, the cover layer 225 may comprise a metal layer 
attached to the substrate 212 before the blind via 218 is 
formed in the substrate 212. Laser ablation may then be used 
to partially form the blind via 218, Which is then completed 
using a dry etch Which Will stop on the metal of cover layer 
225. The blind via 218 may be insulated With a passivation 
layer (not shoWn) if required. 
By forming the blind via 218 using the embodiment of 

FIG. 6A, contaminants and other process materials may be 
prevented from getting on or contaminating a Wafer chuck 
217 or other support structure. The Wafer chuck 217 may be 
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used to support the semiconductor component 200 during 
the fabrication process and the illustration of the Wafer 
chuck 217 Will be omitted from subsequent draWings. 
The inner surface 220 of the blind via 218 may be cleaned 

to remove any debris, residual material or substrate material 
adversely affected by the formation of the blind via 218. The 
cleaned inner surface 220 may be passivated by coating the 
inner surface 220 of the substrate 212 With a layer of 
dielectric or insulative material appropriate for the type of 
substrate 212. For ease of illustration, the passivation layer 
is not depicted in draWing FIG. 6A, but it Will be apparent 
to those of ordinary skill in the art that the passivation layer 
of the blind via 218 may be substantially similar to the 
insulative layer 126 as described With reference to FIG. 5A. 
Further, depending on the material of substrate 212, the 
passivation layer may be omitted. 

Referring to FIG. 6B, the semiconductor component 200 
is shoWn With a seed layer 228 of conductive metal formed 
on the ?rst surface 214 of the substrate 212 and the inner 
surface 220 of the blind via 218. In the illustrated embodi 
ment, the seed layer 228 is TiN and is deposited by CVD. 
HoWever, the seed layer 228 may comprise any other 
material as described herein With reference to the seed layer 
128 of FIG. 5B. 
The portion of the seed layer 228 covering the ?rst surface 

214 of the substrate 212 is removed by CMP to expose the 
?rst surface 214 of the substrate 212 as illustrated in FIG. 
6C. It Will be apparent that the seed layer 228 may be 
removed using any knoWn process as previously described 
herein. A conductive layer 230 is deposited overlying the 
seed layer 228 as illustrated in FIG. 6D using an electroless 
deposition process as previously described herein. The con 
ductive layer 230 Will not adhere to the ?rst surface 214 of 
the substrate 212 since no seed layer 228 is present on the 
?rst surface 214 of the substrate 212. The conductive layer 
230 may comprise any conductive metal as described herein 
With reference to the conductive layer 130 of FIG. 5D 
Wherein the type and thickness of the metal utiliZed in the 
conductive layer 230 Will vary depending on the desired 
conductivity and ultimate use of the semiconductor compo 
nent 200. 

In another exemplary embodiment, a layer of resist 229 is 
placed over the seed layer 228 before CMP. The presence of 
the resist 229 prevents particles produced by the CMP 
process from contaminating the blind via 218. After CMP, 
the resist 229 is removed using knoWn techniques and 
results in a pristine surface for the subsequent deposition of 
the conductive layer 230. 
As the conductive layer 230 is deposited on the seed layer 

228, a portion 232 of the conductive layer 230 may extend 
beyond a plane of the ?rst surface 214 of the substrate 212. 
If this occurs, the portion 232 of the conductive layer 230 
extending beyond the plane of the ?rst surface 214 may be 
removed as previously described herein With reference to 
FIG. 5E and result in the semiconductor component 200 of 
FIG. 6E. In another exemplary embodiment, the portion 232 
of the conductive layer 230 extending above the plane of the 
?rst surface 214 of the substrate 212 may be left in place and 
used, at least partially, to form at least a portion of a bond 
pad (shoWn in FIG. 6H) subsequently constructed on the ?rst 
surface 214 of the substrate 212. 

The conductive layer 230 may be lined With silver or gold 
using an immersion plating process in another exemplary 
embodiment. If the conductive layer 130 includes nickel or 
cobalt, the nickel or cobalt Will be replaced With the silver 
or gold since silver and gold are more noble. The inclusion 
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of the silver or gold lining in the conductive layer 130 Will 
also increase conductivity and aid in Wetting the solder. 
As shoWn in FIG. 6E, the blind via 218 includes an 

opening 234 substantially surrounded by the conductive 
layer 230 that extends from the ?rst surface 214 of the 
substrate 212 and substantially through the substrate 212 to 
and over the bottom 213 of the blind via 218. The opening 
234 of the blind via 218 is ?lled With a ?ller material 236 as 
illustrated With cross-hatching in FIG. 6F. The ?ller material 
236 may comprise a conductive or a nonconductive material 
depending on the desired conductivity of the ?lled blind via 
218 as previously described herein With reference to FIG. 
SF. 

The second surface 216 of the substrate 212 is removed 
from the semiconductor component 200 using an abrasive 
planariZation process such as CMP or any other knoWn 
suitable removal process. Material of the substrate 212 is 
removed to a depth illustrated by broken line 240 in FIG. 6F 
such that the blind via 218 is exposed on the second surface 
216 of the substrate 212 as illustrated in FIG. 6G. Bond pads 
238 are formed over opposing ends of the blind via 218 as 

is knoWn in the art and as illustrated in FIG. 6H. In a 

variation of this exemplary embodiment, if blind via 218 
extended through the substrate 212 to cover layer 225, as 
described With reference to FIG. 6A, the cover layer 225 
may be removed to expose the blind via 218 lined With 
conductive layer 230 and ?lled With ?ller material 236. 

Another exemplary embodiment of acts in the methods of 
the present invention is depicted in FIGS. 7A and 7B. A 
semiconductor component is shoWn generally at 200'. The 
semiconductor component 200' includes a substrate 212 
having a ?rst surface 214 and an opposing, second surface 
216. A barrier layer 203 is formed on the ?rst surface 214 of 
the substrate 212. The barrier layer 203 comprises a material 
that prevents a seed layer 228 from being deposited thereon. 
The barrier layer 203 may comprise an oxide- or a nitride 
containing material such as silicon dioxide or silicon nitride. 
A blind via 218 is formed through the barrier layer 203 and 
in the substrate 212. A seed layer 228 and conductive layer 
230 are formed in the blind via 218, Whereafter the remain 
ing opening 234 of the blind via 218 is ?lled With the ?ller 
material as previously discussed herein. The fabrication of 
the conductive blind via 218 may be completed as previ 
ously described. 

Referring noW to FIG. 8, there is shoWn a partial cross 
section of a semiconductor component 300 that has been 
fabricated using the methods of the present invention. The 
semiconductor component 300 includes a substrate 312 With 
a conductive via 318. The conductive via 318 includes a 
?ller material 336 and an annular conductive liner 330 that 
forms an electrical connection betWeen bonds pads 338 
located on opposing surfaces of the semiconductor compo 
nent 300. 

The semiconductor component 300 may include circuit 
traces 340 or other interconnects and contact structures to 
electrically connect the via 318 to contact pads 342 or other 
conductive structures. The circuit traces 340 or other con 
ductive structures may also be used to connect circuitry of 
semiconductor component 300 to other circuits such as 
integrated circuitry formed on an opposing side of substrate 
312, to circuits of another semiconductor component dis 
posed over or under semiconductor component 300 in a 
stack, to an interposer, to a contactor board, or to a carrier 
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substrate such as a motherboard or module board bearing 
other semiconductor components such as a microprocessor. 
Further, the blanket material layer from Which bond pads 
338 are formed may also be patterned to de?ne the circuit 
traces 340 leading from the via 318 to the contact pads 342. 
The conductive via 318 thus may be used to electrically 
connect contact pads 342 on a ?rst surface 314 of the 
substrate 312 to contact pads 342 on a second surface 316 of 
the substrate 312. 
As noted, the substrate 312 of the semiconductor com 

ponent 300 may be designed and fabricated as an interposer 
for connecting various semiconductor components, as a 
semiconductor test substrate (contactor board) or as a carrier 
substrate forming higher-level packaging to Which semicon 
ductor chips may be connected. If con?gured as a semicon 
ductor device With active circuitry, the bond pads 338 or 
contact pads 342 of the semiconductor component 300 may 
be arranged in a pattern that corresponds to that of terminal 
pads on a test or carrier substrate. If used as an interposer or 
contactor board, bond pads 338 or contact pads 342 may be 
arranged in a pattern on one side of substrate 312 to 
correspond to terminal pads of a test or carrier substrate and 
on the other side to correspond to bond pad or other l/O 
locations on a semiconductor device to be contacted. 

Referring noW to FIG. 9, there is shoWn an embodiment 
of a system 400 including the conductive vias of the present 
invention. The system 400 comprises at least one memory 
device 402, such as a static random access memory 

(SRAM), dynamic random access memory (DRAM), or 
other knoWn memory device, Wherein the at least one 
memory device 402 includes at least one conductive via 
fabricated using the methods of the present invention. The 
memory device 402 is operatively coupled to a micropro 
cessor 404 that may be programmed to carry out particular 
functions as is knoWn in the art. 
The above-illustrated embodiments of the present inven 

tion disclose electrical interconnects in the form of through 
vias that may be fabricated using loW-cost materials, requir 
ing simple methods, and resulting in robust electrical 
interconnects that are substantially free of voids and key 
holes. Although the present invention has been depicted and 
described With respect to various exemplary embodiments, 
various additions, deletions and modi?cations are contem 
plated from the scope or essential characteristics of the 
present invention. Further, While described in the context of 
semiconductor devices or interposers, the invention has 
utility for forming electrical interconnects in any device or 
component fabricated With semiconductor components. The 
scope of the invention is, thus, indicated by the appended 
claims rather than the foregoing description. All changes 
that come Within the meaning and range of equivalency of 
the claims are to be embraced Within their scope. 
What is claimed is: 
1. An intermediate semiconductor component, compris 

ing: 
a substrate having a ?rst surface and an opposing, second 

surface and including an aperture that communicates 
With the ?rst surface and extends partially through the 
substrate; 

at least one via extending into the ?rst surface of the 
substrate and terminating short of the opposing, second 
surface and including a seed layer comprising conduc 
tive material at least partially over a surface of the 
aperture, an annular conductive layer contacting the 
seed layer, and a ?ller material occupying a remainder 
of the via, the ?ller material circumscribed by and 
contacting the annular conductive layer. 






